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Detailed report 

(Name tif invention) 

brackets for orthodontia, and manufacturing method of the same 

Abstract 
(Object) 

The object of this invention, is to offer brackets for orthodontia which consist of 
partially stabilized sintered zirconia that has excellent appearance* high strength, high 
toughness, and excellent thermal stability. 



I 



(Solution) 

Brackets for orthodontia which consists of partially stabilized sintered zirconia 
that has Zr02 as its main component and is stabilized by one or more rare earth metal 
oxides selected from Gd203, Yb203 t H6203, and Dy203. This invention also includes 
brackets for orthodontia which consist of partially stabilized sintered zirconia that is 
stabilized by one. of these earth metal oxides and/or La203 and Y203. In this case, the 
ratio of Y203 in the stabilizing agent is 30 to 70. mol %. The starting material powder is 
molded and sintered at 1200 to 1450°C. 

(Effect) 

Without any design restrictions, shapes which work nearly as well as metal 
brackets can be acquired. Even if surface treatment is administered to improve adhesion, 
strength will not deteriorate. The brackets in this invention can be matched to the tooth 
color, and they have a good appearance. 

Sphere . of patent request 

(Claim 1) 

Claim 1 is concerning brackets for orthodontia which consist of partially 
stabilized sintered zirconia that has Zr©2 as their main component and are stabilized by 
one or. more rare earth metal oxides selected from , Gd203 v Yb203i Ho2G3v and Dy203. 

(Claim 2) 

Claim 2 is concerning brackets for orthodontia which consist of partially 
stabilized sintered zirconia that has Zr02 as its main component and is stabilized by one 
or more rare earth metal oxides selected from Yb203 and Gd203, Yb203, Ho203, 
Oy203, La203. In this case, the ratio of Y203 in the stabilizing agent is 30- to 7Q mol %. 

(Claim 3) 

Claim 3 is concerning brackets for orthodontia winch Have the foll&wuig 
characteristics, the brackets for orthodontia in claim l-or 2 ; contain 1.5 to 3.0 mol % rare 
earth metal oxide. 

(Claim 4) 

Claim 4 is concerning brackets for orthodontia which have the following, 
characteristics. The brackets- for orthodontia in claims.'l to 3 also contain 0.5 mol % or 
less of ZnO as a sintering assistanc^agent. The average particle diameter of the 
tetragonal zifcdnia is 1 firri or less. 

(ClaimS); 

Claim 5 is concerning brackets for orthodontia Which have the- following 
characteristics. The brackets for orthodontia in claims 1 to 4 contain Q J,mq\ % or less of 
oxides of one or more elements selected from: V, Gr, Mn< Fe, Co, Ni, Sir, Pr, Nd, Sm , Eu, 
Er, and Tm as a coloring agent. 



(Claim 6) 



Claim 6 is concerning a ifnanufacturing method for brackets for orthodontia which 
have the following characteristics. The brackets for orthodontia in claims :1 to 5 use a 
starting material powder acquired by chemical synthesis or by mixing and molding oxide 
powder. The molded body is sintered at 1200 to 1450°C. 

Detailed explanation of the invention 
[0001] 

This inventi on is concerning b^ of partially 

stabilized sintered zirconta that hats excellent appearance, high strength, high toughness, 
and excellent thermal stability and a raanirfacturing : method for the same. 

[00.02] 
(Prior art) 

During orthbdontial treatment, attaching metal wires to brackets adhered to the 
teeth generates high stress. Because of thls,.bracket materials have included metals such 
as stainless steel which has both high strength and toughness. 

[0003] However, since:the color of metal brackets is difTerent.from that of natural teeth, 
the bracket stands out and it has a bad effect on appearance. 

[0004]ln order to solve this, problem, Japan patentsNo. S;6'4-25S47, No.S 64^6451, No. 
S 64-52448 disclose brackets for orthodontia which are made of transparent befamics.. 
These brackets for orthodontia are transparent. Although their appearance is good, 
strength and toughness of the material is insufficient and the brackets are easily broken 
during treatment. 

[0005] Strong; brackets' with good appearance are disclosed in Japan patent No..H2- 
21857. These brackets for orthodontia consist pf partially stabilized sintered zircoriia 
which has Y203, GaO, MgO; GeQ2 as a;stabilizer. Japan patents No. H 34.70148, No. 
H 4^28.0'3HvN6, H 3^17014$, an4No. H 4-280864 d^lpse<bracke^fw 
which, consists of partially sta&H^ befen^feltz^% : t2Q^ 
etc. Since this material is not: very transparent; its ^ppearajnee is improved fey matching 
its color totfie color of natural teeth. 

[0006] Since the^p^aiiy :stabili2ed zireonia sintered .brackets haveAslightly better 
mechanical strength and toughness, it impossible to manufacture brackets which have 
sufficient strength for actual use. HbweVery with the brackets made Of partially stabilized 
sintered zirconia of the prior art* the design must be changed to attain sufficient strength. 
Brackets which are easy for dentists to use have not been acquired yet. That is, in order 
to have brackets which are strong and easy lu apply, the bracket material must have 
sufficient strength but also sufficient toughness. 

[0007] Due to the manufacturing process, brackets for orthodontia musthave a certain 
degree of thermal stability, Fpr instance, partially stabilized ziixoriia has small adhering 
strength with general adhesive for orthodontia, and j some surface treatment for 
improvement of adhesion is required. If the brackets are treated by a silane coupling 
agent, it is necessary to administer thermal treatment to the;brackets at 12Q°C Or higher. 
The material also requires thermal stability which can survive 
to 3 years in a. warm and wet oral cavity. 

[0008] The mechanical characteristics and thermal stability of partially stabilized sintered 
zirconia generally depends on the type and type amount of stabilizer. However, they also 



depend strongly on the particle diameter of the sintered body. Partially stabilized sintered 
zirconia which has been stabilized by Y203 has higher mechanical strength and can be 
sintered at relatively low temperature compared to material which is stabilized by CaO, 
MgO, Ce02. Because of this, partially stabilized sintered zirconia which has been 
stabilized by Y203 has been widely used. However, when partially stabilized sintered 
zirconia which has been stabilized by Y203 is kept for a long period of time at 100 to 
300°C, strength tends to deteriorate although there is some variability in the results. This 
deterioration is related to the fact that part of the tetragonal phase contained in the 
sintered part is transformed to a monoclinic crystal phase at 100 to 300 Q C. Thai is, small 
cracks are generated inside the sintered part by local expansion in accordance with phase 
transformation. 

[0009] The high strength and toughness that are characteristics of partially stabil ized 
sintered zirconia are acquired from a phase transition (stress inducing transformation 
reinforcing structure) from the tetragonal phase to the mdnoclinic crystal phase which 
occurs at site that recei ve external stress. If the amount of stabilizer is reduced, the 
tetragonal phase is destabilized, and the stress inducing transformation is likely to occur. 
Thus, toughness is improved. For instance* Japan patent No; S 62-1 7070 discloses a 
partially stabilized sintered zirconia which has 2 mol % or less Y203 and 20 MPaVm or 
higher toughness. However, product which has a low amount of Y203, the phase 
transition at 100 to 300°C is likely to occur, arid a sintered part which is thermally stable 
cannot be acquired. In other words, if brackets for orthodontia are made of partially 
stabilized sintered zirconia which has been stabilized by Y203, it is difficult to attain 
both high toughness and thermal stability. 

[0010] If the environment has water or moisture, theabove phase transition is accelerated. 
It is also known that strength deteriorates at low temperature (Uchida Okasuke, Zirconia 
Ceramics 10, page 157 to 174 (19S9)). 

[001 1] From these things, past products made of partially stabilized sintered zirconia 
which has been stabilized by Y203 had 3 mol % or higherY203 and approximately 6 
MPaVm toughness value. 

[0012] 

(Steps for solution) 

As stated above, brackets for orthodontia must have, not only good appearance, 
but high mechanical strength such as toughness and superior thermal stability. However, 
brackets for orthodontia which satisfy these requirements have not been offered yet. 
[0013] This invention has been made considering this situations. Its object is to offer 
brackets for orthodontia with excellent appearance and High mechanical strength, 
especially higher than partially stabilized sintered zirconia of the: prior art. Accordingly, 
there are fewer design restrictions. Not only that, this product has excellent thermal 
stability. This invention also offers a manufacturing method for the same. 

[0014] 

(Steps for solution) 

The brackets for orthodontia in claim 1 have the following characteristics. They 
consist of partially stabilized sintered zirconia that has Zr02 as their main component. 



This material is stabilized by one or more rare earth metal oxides selected from Gd203, 
Yb203, Ho203, and Dy2G3. 

[001 5] The brackets for orthodontia in claim 2 have the following characteristics. They 
consist of partially stabilized sintered zirconia that has Zr02 as their main component. 
The material is stabilized by one or more rare earth metal oxides selected from Yb2D3 
and Gd203, Yb203, Ho203, Dy203,La203. In this case, the ratio of Y203 in the 
stabilizing agent is 30 to 70 mol %. 

[001 6] The brackets for orthodontia in claim 3 : have the following characteristics. In the 
brackets for orthodontia in claim 1 or 2, the total amount of earth rare earth metal oxide is 
1.5 to 3.0 mol%. 

[0017] The brackets for orthodontia in claim 4 have the following characteristics. The 
brackets for orthodontia in claims 1 to 3 also contain 0.5 mol % or less of ZnO as a 
sintering assistance agent. The average particle diameter of the tetragonal zirconia is 1 
\im or less. 

[001 8] The brackets for orthodontia in claim 5 have the following characterislics. The 
brackets for orthodontia in claims 1 to 4 also contain 0.7 mol % or less of oxides of one 
or more elements selected from: V, Cr, Mn, Fe, Co, Ni, Sr, Pr, Nd, Sm, Eu, Er, and Tm as 
a coloring agent. 

[001 9] The manufacturing method for brackets for orthodontia in claim 6 has the 
following characteristics. The starting material for the brackets for orthodontia in claims 
1 to 5 is a powder acquired by chemical synthesis or by mixing and molding oxide 
powder. The molded body is sintered at 1200 to.1450°C. 
[0020] In the following, this invention is going to be explained in detail. 
[0021] The stabilizer for the brackets for orthodontia of this invention is one or more rare 
earth metai oxides selected from Gd203, Yb203, Ho203. and Dy203,or Yb20d and 
one or more type selected from Gd20d,Yb203, Ho203, Dy203, La203 so that the 
ratio of Y203 in the rare earth metal oxide stabilizer will be 30 to 70 mol %. 
[0022] The stabilizer for the zirconia sintered brackets should be nearly colorless, arid its 
strength must not be. inferior compared to conventional partially stabilized zirconia 
sintered parts,etc. The strength must not be reduced by the surface treatment process 
described above. Partially stabilized sintered zirconia which has Gd203, Yb2Q3, and 
Dy203 as stabilizer is milky white, and it can be changed to various colors starting from 
the color of natural teeth by addition of coloring agents which will be discussed later. 
Partially stabilized sintered zirconia which has Ho203 as a stabilizer will be pale ping 
after sintering. Material with sufficiently good appearance can be acquired without 
adding a coloring agent. Not only that, its mechanical strength is not inferior to 
conventional partially stabilized zirconia sintered parts. Even if less stabilizer is used/a 
sintered part which has better thermal stability than the Y203 stabilized material of the 
prior art can be acquired. 

[0023] In this invention, the total amount of stabilizer which consists of the rare earth 
metal oxide above in the partially stabilized sintered zirconia is preferably 1 .5 to 3.0 
mol %, more preferably 1 .7 to 2.5 mol %. If the total amount of stabilizer is less than 1 .5 
mol %, the phase stability of the tetragonal crystal phase becomes poof. Not only that, 
the minimum thermal stability which is necessary for the bracket cannot be attained. On 
the other hand, if the total amount of stabilizer exceeds 3.0 mol %, the phase stability of 
the tetragonal crystal phase becomes too good. As a result, a sintered part with high 



toughness cannot be acquired. By setting the total amount of stabilizer in the range of 1 .7 
to 2.5 mol %, it becomes possible to have both good, thermal stability and high toughness. 
[0024] When Y203 is used as a stabilizer, the ratio of Y203 in the stabilizer is in the 
range of 30 to 70 mol %. If the ratio of Y203 exceeds 70 mol %, thermal stability will 
not be improved by adding Gd203, Yb203, Ho203, or Dy203;. However, if the ratio of 
Y203 is less than 30 mol %, the high strength or low sintering temperature that are 
merits of Y203 are damaged, which is not desired. By using the specific rare earth 
oxides stated above along with Y203 and by setting the ratio of Y203 in the stabilizer in 
the range of 30 to 70 mol %, the High strength and low. sintering temperature associated 
with Y2Q3 stabilizers can be realized. 

[0025] In the zirconia sintered brackets for orthodontia of this invention, the average 
panicle diameter of the tetragonal crystal zirconia should be 1 \xm or less. If the average 
particle diameter of the tetragonal crystal zirconia exceeds 1 |im, phase stability of the 
tetragonal crystal zirconia deteriorates and the minimum thermal stability required for the 
brackets may not betattained. 

[P026] When the material in this invention contains 0.5 mol % or less of a ZnO sintering 
assistance agent, it is possible to lower the sintering temperature by approximately 100°C 
and the average particle diameter of the tetragonal crystal can be even smaller. 
Accordingly, even if the starting material powder does not contain Y203, it is easier tb 
attain thermal stability. If the amount of ZnO exceeds 0.5 mol %, strength of the sintered 
part drops. Accordingly, the amount of ZnO is set as 0.5 mol % or less. 
[0027] In order to enable sintering at as low a temperature as possible, the relative 
surface area of the starting material powder should be 10 m 2 /g or higher. 
[0028] The zirconia brackets for orthodontia of this invention may contain 0.7 mol % of 
less of coloring agents that consist of one or more oxides of elements selected from: V, 
Ct, Mn, Fe, Co, Ni, Sr* Pr, Nd, Sm, Eu, Er, and, Tin. As stated above, if the sintered 
zirconia brackets match the color of natural teeth, appearance can be improved. To better 
match the color of natural teeth* you can add SrO which makes a brown color when 
added to zirconia. You can add an oxide which makes a yellow color (PrtiOl 1, Fe303y 
Sm203) or oxides which make red-purple (Cr203) or pink.(Er203, Eu203). In addition 
to these basic combinations, the following oxides may ;be use to adjust the color. For 
example, for darkening, a small amount of Mri02 can be added. For green, NiO, Tm203, 
pr V203 are added. For blue, CoO is added. 

[0029] When the amount of these coloring agents (when two or more type are used, the 
total amount) exceeds 0.7 mol %, color becomes too dark, and appearance is worse, 
which is not preferred. Accordingly, the amount of coloring agent is 07 mol % or less. 
[0030] SrO, Pr60l I , Nd203, Sm203, Eu203, Er203, and Tm203 in the coloring 
agents stabilize the tetragonal crystal zirconia. Accordingly, when these rare earth metal 
oxides are contained in the coloring agent, the total amount of rare earth metal oxide in 
the stabilizer and rare earth metal oxides in the coloring agents will be the amount of 
stabilizer stated above. 

[003.1] The brackets tor orthodontia of this invention can be manufactured by the 
following method. First, a solution of oxy zirconium chloride with high pyrity and a 
solution of chloride of at least one rare earth metal selected from Gd, Yb> Y, Ho, Dy, La 
are mixed so that total amount of rare earth metal will be 1 .5 to 3.0 mol % by oxide 
conversion and also so that ratio of Y203 in the oxide will he 30 to 70 mol %. The 



precipitate acquired by conventional chemical synthesis such as co precipitation, 
hydrolysis, or thermal decomposition is dried. After it is temporarily baked at 800 to 
1 100°C, it is smashed by a smasher such as a ball mill, 'etc.,, and the starting material 
powder is acquired. The relative surface area of this starting material powder can be 
adjusted by changing the temporary bake temperature; If it is baked at a lower 
temperature, a powder with bigger relative surface area can be acquired. When one or 
more oxides of element selected from V, Cr, Mri, Fe, Co,Ni, Sr, Pr, Nd, Sm, Eu r Er, and 
Tm are added for coloring, the solution above can be mixed simultaneously as water- 
soluble salts of these elements, for example, a chloride solution. These coloring agent 
components can be mixed into the zirconia starting material powder as oxide powders or 
a salt solution. 

[0032] The manufacturing method for the starting material powder for brackets for 
orthodontia of this invention is not restricted to the method stated above. It is possible to 
acquire a similar starting material powder by a metal alkoxide method, sol gel method* or 
gas phase method. Although the strength is weaker compared to above methods, it is 
possible to acquire a starting material powder by adding and mixing part or all of the 
components by a wet mixing method. 

[0033] Next, the, starting material powder acquired in this way is molded using 
conventional molding methods. After this molded body is skimmed (fat removed), the 
temperature is raised to 1 200 to 1450°C at 20 to 300°C/hr. It is kept at the temperature 
for 30 minutes to 3 hours, and it is sintered. It is cooled, down to 40'0 to 700 ? C at 100 to 
500°C/hour. After that, it is cooled naturally. By this method, it is possiible to acquite a 
sintered body with the desired composiitipn, crystal structure, arid particle diameter. If 
this sintering temperature is less than 1200°C,. sintering is insufficient. On the other hand, 
if it exceeds 1450°C, the average particle diameter of the tetragonal crystal phase of the 
sintered part exceeds 1 \xm and phase stability becomes bad. As a result, the minimum 
thermal stability required for the bracket cannot be attained; 

[0034] In this invention, the part should be sintered using a HIP treatment under a non- 
reducing atmosphere. By using this HIP treatment, pores in the sintered part can be 
virtually eliminated. This improves bending strength by approximately 25 %. At the 
same time, the material is transparent, and appearance can be improved even more. In 
this case, the HIP treatment should he done at 1200 to 1450°C for 10 to 120 minutes 
under 700 to 2000 gas pressure. 

[0035] The brackets for orthodontia made from this sintered body can be shaped using a 
diamond grinding stone. However, since the partially stabilized zirconia is difficult to 
process, it should be shaped during the temporary baking process before sintering. You 
can also mold or extrude the brackets in near-final shape and then sinter them. 

[0036] 
(Function) 

By using a stabilizer selected from Gb203, Yb203, Ho203, and.Dy203, brackets 
for orthodontia with excellent appearance, high strength, high toughness and excellent 
thermal stability can be acquired. 

[0037] By using one or more rare earth metal oxides selected from Yb203 and Gd203, 
Yb203, Ho203, Py203, La203 as a stabilizer and also by setting the ratio of Y203 in 
the rare earth metal oxide as stabilizer as 30 to 70 mo! %, in addition to acquiring high 



strength and low temperature sintering by using V203, brackets for orthodontia which 
have even better appearance, higher mechanical strength, and better thermal stability can 
be acquired. 

[0038] In addition, if the material contains 0.3 mol % or less of ZnO as a sintering 
assistance agent, low temperature sintering becomes possible. Brackets for orthodontia 
with excellent thermal stability with 1 jim or less average crystal particle diameter can be 
acquired. 

[0039] By adding 0.7 mo l % or less (total oxides) of one or more elements selected from 
V, Cr, Mn, Fe, Go, Ni, Sr, Pr, Nd, Sm, Eu, Er, and Tm, brackets for orthodontia which 
has even better appearance can be acquired. 

[0040] 

(Examples of practice) 

In the following, this invention is going to be explained more specifically by 
listing examples of practice and examples of comparison. However, this invention is not 
restricted these examples of practice. 

[0041] 

Example of practice 1 

A solution was prepared by dissolving predetermined amounts of ZrOC12 and 
GdCI3 in ammonium water with pHlO. The precipitate was filtered and washed, and it 
was dried at 120 p C i This dried powder was lightly smashed in a bowl. Then it was 
temporary baked for 2 hours at 850 P C, and a powder with 19 m 2 /g relative surface area 
was acquired. Predetermined amounts of SrC03 as a coloring component and ZnGQ3 as 
a sintering assistance agent were added to this temporary baked powder. Using ethanol 
as a dispersion medium, they were mixed for 24 hours \>y a ball mill. Alter the mixed 
slurry was dried, it was smashed in a bowl, and a starting material powder was: acquired. 
Next, this starting material powder was injection molded into brackets and sample shapes 
for measurement of physical properties, and a skimming treatment was aditiinistered. 
After that j the temperature was increased to the temperature shown in table 4 at 
100°C/hour and it was sintered for. 2 hours. Then it was cooled down to approximately 
600?C at 300°C/hour. After that; it was cooled naturally. Sintered brackets and samples 
for measurement of physical propertie s were acquired. 

[0042] The measurement samples were, heat treated at 20O*G for -10 hours in air. 
Thermal stability was evaluated from. the change in flexure! strength after thermal 
treatment (JIS R1601). The, crystal particle diameter and toughness Kic (according to IF 
method of JIS Rl 601 ) were measured. The results are shown in table 5. Meanwhile, the 
sintered brackets were polished in a barrel until a luster appeared. Its color was observed. 
The results are shown in table 5. 

[0043] 

Examples of practice 2 to 30, examples of comparison 1 to 28 

The type and amount of stabilizer and coloring agent and amount of ZnO 
sintering assistance agent are shown in tables 1 to 4. the sintering temperature was set as 
shown in tables 5 to 8. Except for these changes^ the same procedures as example of 



practice 1 were used to produce a sintered part. The crystal particile diameter, flexural 
strength, toughness, and eolor tone were checked; The results are shown in tables. 5 to 8, 



[0044] 
table 1 



example 


typeand 

amount of 

stabilizer 
( mol %) 


type and 

amount of 

colori2dng agent 
(mol Vo) 


ZrtO amount 
(mol %\ 


ex. of practice 


1 


G&iOi(2 0) 


SrO f 0 1 ) 


0.3 


c 


Gd^Oi (2 OS 


none 


0.0 


3 


Gd 2 0 3 (I.8) + 


Er 2 Q3(0.3^ + 
PriOii fo'O04\ 


0:3 


A 
*f 


Gd 2 0 3 (1.0) + 

1 2 v/ 3 V 1 »AJ 


Er 2 O 3 (0.3) + 


0.3 


c 


Y 2 0, (2.0) 


Er 2 O 3 (0.3) + 


0.3 


0 




nnnp 


0 0 


7 


ddi0 3 (l.8) + 
Y*Oi (to 


Er 2 O 3 (0.3) + 
Pr^On (0 0041 

* •6VI1; ^WtVUTj 


0.3 


8 


Gd 2 0 3 (l.Q) + 

X2^3 


Er2O 3 (0.3) + 

Pr^flii . 7ft 0041 


0.3 


9 


Ho 2 0 3 (2.0) 


Pr 6 On (0.004) 


0.3 


10 




nunc 


0 0 


11 


H02O3 (1.8) + 


Er 2 O 3 (0.3) + 
Pr*0'n (0 004) 


0.3 


12 


H6 2 Oj(l.0) + 
Y 2 0 3 (1.3) 


Er 2 O 3 (0.3) + 
Pr 6 On (0.004) 


0.3 


13 


Dy 2 O 3 (2.0) 


.Er 2 Q 3 (0.3) + 
Pr 6 0„ (0.004) 


0.3 


14 


Dy 2 O 3 (2.0> 


none 


o.;o 


15 


Dy 2 t> 3 (l.8) + 
YjQHOS) 


Er 2 Q 3 (0.3) + 
Pr 6 Ou (0.004) 


0.3 


16 


Dy 2 0 3 (1.0) + 
Y 2 0j(1.3) 


Er 2 O 3 (0.3) + 
Pr 6 0,i (0.004) 


0.3 


17 


Dy 2 0 3 (l.-8) + 
Y 2 O 3 (0.5) 


Er 2 O. 3 (0.3) + 
Pr 6 0,i (0.004) 


0.3 


18 


Dy 2 O 3 (1.0) + 
Y 2 0j.(1.3) 


Er 2 0 3 (0:3) + 
Pr 6 0,i (0.004) 


0.3 



[0045] 
table 2 



example 


tvnp nnrl 

amount of 

<*tflhi1i7i»r 

(mol%) 


tvnf* And 

.amount of 

colorizing apent 

(mol %) 


7nO flnriAimt 
/ .iwj aiiiiiuiii 

(mol%) 




10 


Y 2 Q 3 (1.3) 


tu 2 0 3 (0.05) 


V.J 






H020 3 (1.3) 




0' 0 

v.U 




91 


uU2v] ^i-.vj • 

Dy 2 Oj (1.3) 


Eu 2 6 3 (0.05) 


0 

V.J 




22 


La 2 O 3 (1.0) 


FC2w3 \"« * ) * 

Cr 2 Q 3 (0.01) 


U.J 




23 






V.J 




24 


Y 2 0 3 (1.3) + 
Dy 2 Oi (1.0) 


Er 2 O 3 (0.3) + 
PrsOn (0.004) 


0.3 




25 


Y 2 0 3 (1.3) + 
La 2 O 3 (1.0) 


Er 2 0 3 (0.3) + 
Pr 6 O n (0.004) 


0.3 




26 


Ho20 3 (1.3) + 
Dy 2 O 3 (1.0) 


ErjOi (0.3) + 
Pr 6 Oii (0.004) 


0.3 




27 


Ho 2 0 3 (1.3) + 
La 2 O 3 (1.0) 


Er 2 0 3 (0.3) + 
Pr 6 Pi i(0.004) 


0.3 




28 


Dy 2 0 3 (l.3) + 
La 2 O 3 (1.0) 


Er 2 O 3 (0.3) + 
Pr 6 0,i (0.004) 


0.3 




29 


♦1 


Pr 6 On (0.004) 


0.3 




30 


♦2 


Er 2 O 3 (0.1) + 
Pr«0,i (0.004) 


0.3 



♦ 1 : GH203 (0.4) + Yb203 (0.4) + Ho203 (0.4) + Dy203 (0.4) + La203 (0.4) 

♦2: Gb203 (0.2) + Yb203 (0,2) + Ho2G3 (0,2) + Dy203 (0.2) + La203 (0.2) + Y2Q3 

(10) 



[0046] 
table 3 



example 




type and 
amount of 
stabilizer 
(mol %) 


type and 
amount of 
colorizing agent 
(mol %) 


ZnO amount 
(mol %) 


ex. of 
comparison 


1 


YiOj(1.4) 


Er 2 0 3 (0.3) + 
Pr«0n (0.004) 


0.3 




2 


Y 2 0 3 (2.0) 


Er 2 0 3 (0.3) + 
Pr 6 Qn (0.004) 


0.3 





i 

j j 


VifY> /9 ft\ 


PisH-. (ft 1^ 4- 


0 1 

V--? 




4 




PrsO,, (0.004) 


0.3 




5 


Pr/;On (2 0) 


none 


0.0 




6 


Nd 2 O 3 (2.0) 


none 


0.0 




7 


Tm->0\ (2 0) 


none 


0.0 






Er?Oi (2 0) 


none 


0.0 




9 


Gd 2 0 3 (1.4) 


SiO(O.l) 


0.3 




10 




none 


0,0 




n 


Gd 2 Q 3 (3.5) 


SrO(O.l) 


0.3 




1 £ 


f^H^O, (ft 4^ 4- 

Y 2 0 3 (1.9) 


(ft ^ + 

Ci 2 v 3 ^v. J J ' 

Pr 6 O M (0.004) 


0 1 

V.J 




1 1 
1 J 


Y2U3 U«4J 


p?r«n« f fi ^ -4- 
cr 2 yj3 Lv/.j; t 

Fe 2 0 3 (0.05) 


n ^ 

V.J 




1 A 

14 


T2U3 [IM) 


none 


v.u 




1.5 


Y2O3 (3.5) 


fc»r 2 U3 (U.i; ■+ 
Pr 6 O n (0.004) 


(\ 1 
UJ 




i a 
10 


Y2U3 IU.4)+ 

Y 2 (5 3 (1.9) 


cr 2 w 3 \v.j/ ▼ 
Pr 6 0,, (0.004) 


ft 1 

y. j 




17 


Ho 2 0 3 (K4) 


Er 2 O 3 (0.3) + 
Pr 6 O n (0,004) 


0.3 




18 


H02O3 (2.0) 


F.r 2 0 3 (0.3) + 
PriOif (0.004) 


0.3 




19 


H02O3 (3.5) 


Pr 6 0„ (0.004) 


0.3 




20 


Ho 2 O 3 (0.4)+ 
Y 2 0 3 (1.9) 


Er 2 0 3 (0.3) + 
Pr 6 0„ (0.004) 


0.3 


[0047] 
table 4 


example 


type and 
amount of 
stabilizer 
(ihol %) 


type and 
amount of 
colorizing agent 
(riiol %) 


ZnO amount 1 
(mol%) 


ex. of 
comparison 


21 


Dy 2 0 3 (1.4) 


Er 2 0 3 (0.3) + 
Pr 6 On (0.004) 


0,3 


22 


Dyi0 3 (2.0) 


none 


0.0 




23 


Dy 2 0 3 (3.5) 


Er 2 O 3 (0.3) + 
Pr 6 0„ (0;004) 


0.3 




24 


Dy 2 0 3 (0.4) f 
Y2O3O.3) 


Er 2 Oj (0.3) + 
PrjOi. (0.004) 


0.3. 




25 


La 2 03(1.4) 


Er 2 0 3 (0.3) + 
Pr 6 On (0.004) 


0.3 




26 


La 2 03 (2.0) 


none 


0.0 





27 


La 2 O3(4.0) 


Er 2 0 3 (0.3) + 
Pr 6 On (0.004) 


0.3 


28 


La 2 03(1.4) + 
Y 2 0 3 (1.9) 


Er 2 Oj(0.3) + 
Pr 6 0,, (0.004) 


0.3 



[0048] 
tabic 5 



example 


sintering 
icmperaiure 


crystal 
particle 

Hidinptpr 


flexural strength 
(MPa) 


toughness 
(MraVm) 


color Of 
sinierea 


before 
heat 

1 fj> Q.I mil ill 

ueairneni 


after heat 
treatment 


»y of* 

practice 


i 


1300 


0.4 


oOU 




8.1 I 


ivory 


2 


1400 




SCO 


0 /U 


8 1 

O. 1 


mi 1 V v 
IIll JAY 

u/h iff* 
Will Iv 


3 


1 100 




8QO 


OOU 


O.J | 


ivory 


4 


noo 


04 

v/.rt 


1210 


1200 


12 % 


ivnrv 


5 


noo 


0 4 


1150 


1130 




ivnrv 


6 


1400 


0.7 


1 1 80 


1160 


13,2 


milky 
white 


7 


1300 


0.4 


1120 


1130 


12.6 


ivory 


8 


1300 


0.4 


1340 


1320 


13.4 


ivory 


9 


1300 


0.4 


980 


960 


9.8 


ivory 


10 


1400 


0.6 


940 


920 


12.7 


pale 
pink 


11 


1300 


0.4 


960 


940 


9.4 


ivory 


12 


1300 


0.4 


1120 


1130 


13.2 


ivory 


13 


1300 


0-4 


890 


870 


1 1 .2 


ivory 


14 


1400. 


0.7 


920 


890 


12.2 


milky 
white 


15 


1300 


0.4 


920 


910 


11.8 


ivory 


16 


1300 


0.4 


1310 


1290 


13.1 


ivory 


17 


1300 


.0.4 


930 


920 


9.8 


ivory 


18 


1300 


0.4 


1150 


1130 


12:4 


ivory 


[0049] 
table 6 


example 


sintering 

temperature 

( U G) 


crystal 
particle 
diameter 
(um) 


flexural strength 
(MPa) 


toughness 
(MPaVm) 


color of 
sintered 
body 


before 
heat 

treatment 


after heat 
treatment 


ex. of 
practice 


19 


1300 


0.4 


940 


930 


8.4 


ivory 


20 


1300 


0.4 


880 


890 


8.7 


ivory 





21 


1300 


0 4 


810 


800 


8.2 


ivory 


22 


1300 


0 4 


780 


760 


10.2 


ivory 


23 


1300 


0.4 


910 


890 


11.3 


ivory 


24 


1300 


0.4 


850 


860 


8.4 


ivory 


25 


1300 


0.4 


760 


780 


10.1 


ivory 


26 


1300 


0.4 


890 


910 


92 


ivory 


27 


1300 


0.4 


840 


850 


8.6 


ivory 


28 


1300 


0.4 


790 ! 


810 


9.2 


ivory 


29 


1300 


0.4 


870 


880 


9.2 


ivory 


30 


1300 


0.4 


1 1 20 


1100 


11.3 


ivory 


[0050] 
table 7 


example 


sintering 
temperature 

(°Q 


crystal 
particle 
diameter 
(u»n) 


flexural strength 
(MPa) 


toughness 
(MPaVm) 


color of 
sintered 
body 


before 
heat 

treatment 


after heat 
treatment 


ex. of 
comparison 


1 


1250 


0.2 


120 
(crack) 




- 


ivory 


2 


1350 


0.5 


1180 


630 


12.5 


ivory 


3 


1400 


0.7 


1210 


230 


13.1 


ivory 


4 


1400 


0.7 


960 


360 


3.8 


ivory 


5 


1400 


0.8 


820 


550 


4.7 


yellow 


6 


1400 


0.6 


780 


310 


.12.3 


blue 


7 


1400 


0.7 


640 


280 


10.5 


green 


8 


1400 


0.7 


710 


390 


6.8 


pink 


9 


1300 


,0.4 


80 

(crack) 


0 


0 


ivory 


10 


1500 


1.2 


720 


130 


11,3 


milky 
white 


11 


1300 


0.4 


750 


760 


4.3 


ivory 


12 


V300 


0.4 


1230 


560 


13.5 


ivory 


13 


1250 


0.2 


880 


120 


13.5 


ivory 


14 


1500 


1.2 


160 
(crack) 






ivory 


15 


1300 


0.4 


890 


880 


3.9 


ivory 


16 


1300 


0.4 


1250 


730 


12.8 


ivory 


17 


1250 


0.2 


120 

(crack) 






ivory 


18 


1500 


1.2 


88 

(crack) 






pale 
pink 


19 


1300 


0.4 


750 


760 


4.1 


ivory 



I 20 | 1300 | 0.4 1 1200 | 690" 



12.8 



ivory 



[0051] 
table 8 



example 


sinienng 

iciiipcraiurc 

(°C) 


crystal 

paiilLlC 

diameter 
(fun) 


flexural strength 
(MPa) 


ipugnness 
(vfiravTti) 


coior oj 
body 


before 
beat 

treatment 


after heat 
treatment 


ex. of 
comparison 


21 


1250 


0.2 


170 

(crack) 






ivory 


22 


1500 


1.3 


250 
(crack) 






milky 
white 


23 


1350 


0,5 


780 


790 


3.6 


ivory 


24 


1300 


0.4 


1220 


720 


11.7 


jvory 

ivory 


25 


1250 


0.2 


1.30 

(crack) 






26 


1500 


1.2 


230 
(crack) 






milky 
white 


27 


1350 


0.5 


680 


670 


3.3 


ivory 


28 


1300 


0.4 


1230 


770 


13.8 


ivory 



[0052] A3 is obvious from the results above, the sintered parts according to the examples 
of practice showed flexural strength as high as 780 to 1340 MPa and very high toughness 
such as 8. 1 to 1 3,4 MPaVm. Not only that, after heat treatment at 20Q°Q for 1 0 hours, 
only a minimal strength drop occurred. By polishing the sintered; brackets in a barrel, 
bracket with luster and pretty appearance and color as shownnn. tables 5 and 6 were 
acquired. 

[0053] Compared lb this, products which do riot meet the desired composition of this 
invention (examples of comparison 1 to 9, 1 1 to 17, 19 to 21 , 23 to 25, 27, 28), either 
have low toughness or flexural strength is reduced greatly by heat treatment at 200°C for 
10 hours, and thermal stability is low. The color of the sintered part is totally different 
from natural teeth, and its appearance is not good either, Furthermore, even if it satisfies 
preferred composition of this invention, product which is sintered at a high temperature 
(examples of comparison 10, 18, 22, 26), have poor thermal stability. 



[0054] 

Example of practice 31 

The bracket acquired in example of practice 4 was HIP treated for 30 minutes at 
1 300°C and 2000 pressure using argon gas containing 5 % oxygen. Next, an alcohol 
solution containing 0.1 % silane coupling agent (y-methacrylpxy propyl trimethoxy 
silanc) currently available on the market was applied to the adhesion surface of the 
bracket and it was dried at 120°C for 2 hours in a drier. This bracket was adhered to an 
aery I stand by an adhesive for orthodontia. After 24 hours, adhesion strength was 



measured by a pulling test, As a result, while the bracket which had not been treated by 
the silane coupling agent released at a force under 2 kg, the bracket which had been 
treated by the silane coupling agent released under 23 kg. There was no drop in strength 
in the bracket due to the silane coupling treatment. 

[U055J 

(Effects of this invention) 

As stated above, the brackets for orthodontia of this invention consists of partially 
stabilized sintered zircdnia which has higher mechanical strength, and especially higher 
toughness compared to zirconia sintered parts of the prior art. Therefore, without any 
design restrictions, brackets with performance close to that of metal brackets can be 
acquired. In addition, since the thermal stability of material is excellent, even if surface 
treatment is administered to improve adhesion, strength will not deteriorate. Since the 
color can be close to a natural tooth color compared to metal, it is possible to acquire 
brackets with excellent appearance. 

[0056] The brackets for orthodontia of this invention can be manufactured easily and 
effectively by the method of this invention. 
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1 

[B8*«l] ZrO? fc:fe*£#<i:U Gdi Os . Y 
bi Oj . hoi O* StfOyi Oi .*0&*fl»tf>68 

«n* i ax« 2 <m £<»$±mmitto?*&{tz 

^a«fl»Ol:/5fry b. 
[8S*JH2] ZrOr ti^tl. Y> Oj t. G 
da Oj , Ybi Oi , Hop Oj . Dyt Oj XtfL 

C&S±®&KKfc«*K&«>*Yi Os <O*l&3W3 0^ 
CtfcW«fe«BWE«*?iry bo 

k*»*t, •±flftBBfisao*a**CP l i. 5- 

*Oi7?*y MC^HT. SIC. MIRBB&UTZii 
O£0. 5*;UXaTSWU iE#ffiiW:3-7<OT*J 2D 

EB?94r*K 

[MSB '5) ffltfSi I tfVi-U4 O^tftW l^toffi^J 
WEm?*** bfcavvc., 3EIC, *fc*teLT, V. 
Cr, Mn, Fe, Co. Nl, Sr, Pr, N,d, S 
m, E u, E r R-tfTm*9 j**ff*6a«*l* lffiX 
I* 2 aUi±c075*<OKfc«J€ 0.. 7 «ik5(ftTM*«: 
^t$»»tr*^»iEffl^5^^ b. 

v b®Ba£ra« 

[0 0 0 1] 

aaecan, KssffiJooswttTv saw 

10 0 02] 40 
94ry bfc*BB7-*9--f *-*»AB«T*BK: 

». aK^9iry bit**ftjs»wflto*. 

8*. ^*-^b«M»tUTii. BBHMUlWW 

(0 0 0 3) U*U Mlfl:??*^ K»flM«9EMMI 
©miillWtWS, :/2*-y b*RB^XV»* 

COO 0 4) £t0*/&«r#&T*fc<Oi:UT» ftDH&B6 
4- 2 5 8 4 7 #8118 6 4 -4 6 4 5 l^fc 



»»J¥8-3 3 6 50 

«; »MW6 4- 52 4 4 8^«lCttaW*y5.y^ 

nS0*^HiEffl7?*\y bttBWTaftO, vacisa 
*»©5MEttttt*^+»Tv 79 fry MOM 
*fcB»L**Ni**5BBtf*9Jk 
[0 0 0 5] B**a«»l,fc*«tt©A^:/-9fr 
y bfcLT* ttW¥2-2 I 8 5 7 <t£ffil;:t*. Yi O 
j , CaO, MgO, CcOi €*)6flsJWtUfc«»3fc 

BB«S.nTW6, 1 7 0 1 4.8*t2tfa 

&0BBV4 -2 8 0 8 6 4 WAfyZ It Y» Os ^T? 

L fcffB#*J&fc 3WPa £ ft * a*M 

BB?9fryihPB'**tt*Ct»«. ft*, CS>.8«!>*» 

[0 0 0 6] tnfe©*«^ft-i>^3r:7«tt*tt« 

fc#%\ a*o«^j£<b^3=.7««*ar^^y 

9fr* Ktt&frftTWfets. fipft, ti>»BfK£BB£ 

a»to«*fc^-ir.y>tr*ize, ■**©*ft : &-r, & 

to 0 0-7 J JujLT. *M.a|IEJK29-fry bfe*v>T 

tt€««f s&b****, wAtf, a».*afls-^K 

7n-»Mft«TE^a«W<h9«^^/h$<. «3?^3 

mr v bt^^y^y^wBTjaa-r^aft, ^ 

9*"y b€ 1 2 0t;W±T#ai3BgL,ft»tn«ft6ftV^ 

aaftasMT 2 - 3*raa»a^«nf-f 

[0 0 0 8] t^^T, «»*ft<b^3=7»«S*0 

B««»tt^J*«*)Sttri, -«|c«SftJW<oa«t»i 
jmaicttffT*^; »R:aB»oa»a^«c*^t^ 

3^7«KMW*. CaO, MgO, CeO* T.*JSfisL 

te^ooiittx; a«wa«3Ws<. ^itcmaa-ca 
a*ee.*e:^wj»aw**. tefcv y» 

Oi TK*ftUft«»**«^Wr.7*IB»30txa# 
»-Cffi<«to*ttv^. L»'btt»r6. Yf Oj -CSS 

flsanfcyji^rftlMt* 1 00-3 0 --ox:.t«9W 

— 10.0-3 0Q ic'TivLjtaaRaaa-i-A ji ^ 
ic»/haa^«±-r 6 c t iz j: a .wt« 

[0 0 0 9] -^T, «»ftj£fi:$?^P-7«e#«>» 
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3 

•fS. 01* tf, »KBS6 2-1707 0**MrCi*. Y 
» O* fi*<2^KJETF"C2 OMPo/mJ%J:04MHR 

00-30 oxro«is»t>ecu^r<, Mtt£K£ 
loo i oj £tz> **frm%o)to*mmT-tmmv 

0. 1 57-1 74P (1 9 8 9) ) . 
CO 0.1 1J Z.V*6&Zkfr*>* Y 
i Oi g?^^{fc^3-7^te^tUT.«, Yi Oi 
S£ S^JIttfiU* U «UU9ttjB»t'6 MP a V"ntigfi 

[0 0 1 2) 

[0 0 1 3] *%Wftkfc&X<n#mzte&TU'Zt\1t 
(0 0 1 43 

Zrpi fc-fetfttt^U Gdi Oi , Yb 
i Oi , Hot Oi RtfDya Os £ 0ft*P#6Btt 

(0 0 l 53 &#m.2?>MFimmm75£rv M*. Zt 
Oj «^J«»tL, Yi Oi G di Oi; , Y bi O 
j , Kos Oi. . Dyi Os KtfLai Oj Jt0fc*S 

*fc£«>*Yi O* <otH£#3 o~7 o*;vx-e**ffi 

[0 0 i 63 W^3C0®^J«iE«r7^^h«> 
JHlXtt2»fiW«iEffl^iry MC*ViT, #±«£ 
HK<fc«<&£tt*#S*U. 5-3. OWtWI 



<3) WBV8-3 3 6 50 

[0 0 17] m*m*nmmimm'??*y Hz. 
« 1 m*\>3m>?tw i wsqtiwiEM^^y >ic 

WC* »l*tt«tLT.ZhOft0. 5 0XU 

[0 0 1 8] SS^«5(?5®^aiE^^7^y H*. g*;R 

# 1 V> L 4 <DV>r*l*> 1 m<D&PMTEm*S?*V h IC 
*^T, «eJH&-UT, V, C'r. Mn, Fe, 

i0 Co, Ni. S r,, Pr, Nd. Sm, Eu, E rXtf 

loo 1 93 m*m<»nm&ft?'?*v+<»w&ft 

JBU .tt6ftfc«jgff& I 2 0 b-:l 4 fi OttT&te* 

[0 0 2 0] aTfc*»irt«C^V*TWW^aW^S. 
2? [0 0 2 13 fcfcWMBWHiEtfl?^*? hlSfcWT 
«v*S<fc»fclUTGdi, ©> , Yb* Oi , Hot O 
i RtfDyt Oi <fcr)»^8^6a«h^iax«2a 
^±CD#±SS&Mffift^ *-t>tt. Y 3 > Ot tGdt O 

• , Yb* Oj . Ilo« Oi , D.y> Oj a» O 

{tffJfcUT<7>S±jP^JSK<fc<f»^C0Y J Oi OM«««3 
0-7 O^UXOWfflt^^^^.Cffl^^. 
[0 0 2 23 7?fr«y hWi>JU3=7«^*C0^(b*} 

««ftSL«:Vjet^tta^*«W, G dt. Oj , Ybi 
Oi , Dyi Qi iM%fi^£t^iW*a^^3^ 

tit. Hoi 6i **jEftlJjftUfeaB»«fifl5y;U 

^^a*Tt>, ^<^Yi 0> 58cSfb^J;9^«*3£^ 
[0 0 2 33 -M!HI&«^T-. ■»**fl5«W.3Cir« 
ft*«tt. »*1>-<«.1. 5-3. O^XXOttlfflTv 

59 3«ftft<*3. C-^JUXftHiL**, iS«lIE^aie<0fflS 
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5 

[0 0 2 4] fcfcfcflltLTYi Oi 

fc£fcSWli5«!SYs O. <OW$«3 0-7P^E 
^XMBT*'^ Yi Oi tt«|^#7 O^fcfcj&A 
fcfc, Gdi Oi , Yb* Os , Hoi Oi > IJyi O 

j . . La, Or mmmK*zm&z&to&m& 

Wm&UW Yi Oi OW^*t3 0^«*«Ttt, Y 
» O. ftftft«<OM.*^**S«a*^ttfflj«ISttfi!)»* 
*tm?fet>n, #*L<feV>. EPt>, Yi O, £Ya O* 

<7>Yr Oi fl>»JS£3 0-7 O^MtT^itlCio 

t, y, o* RS(fc*^jj«T»«)SBia^ffiiatt«ft: 

[0 0 2 5] *»WO#FJ«IEffl:/^* h£18 

«r^^;v3z:rttte^ic*^T, jembw3-70 

tOO 2 6) *«^»ca^T> ^B/j3WiL/TZnO«r 

0.0"Cffi<f-6Cl^tpIfigT^!9, IE*ffl(OV^ttffltt 
^Se?iC/JvS<«JASCt#-Ct*. «tet\ Ya o 

Z.nO<0jS»DSIt0. 5*;i/*OT£T5. 

[0 0 2 7] T*^«»aEaTj»"«w*fc.^*fc 

[0 0 2 8] *:«qgo?^^3-7S#^I»iEffl^ery 
MC*$V>Ttt, EK. ®fe«i:L/T. V, Cr, Mn, 
Fe, Co, WI, Sr, P r, Nd, Sm, Eu, E 
r &tfTmJ: 0 e>8«n57C*<Z> L fflXtt 2 a 

z^oftjuT^ei^isr^s ro£$M&T8tnrr* 

flv »£5cSfeT*B<t:«> (?n On. Fei O, . 
Sm, O. ) b, fcft (C r, Oi ) *e>£fiK»fi 
fSBftlfc (Era O. , Eui Oi ) fctt^KfrfcttT 



(4) *SM¥8-33 6 5 <) 

6 

Oi. »?*«:a0**fcfctN 1 O. Tm, O, . V, ; O 

[0 0 2 9] cn6e4€M®£ffft (2®JEU#fflr 
*®stts*r«) #0. z*jkx*BA*&. 

a* 

[0 0 3 03 «&*Q<&55 : S r O, Pr. O... 
10 Nd* Oi , Sm? pi . Em Oa , En Oi , T 
crit O. fit, m^S^U3-7&*)£ftT^^ffl^«r 

[0 0 3 1] Z.<D£5U*5lW<»mmTEm7y*y h 

wjttt* :fc<0£^fcLT§m^* fin 

<L, Gd, Yb. Y, Ho, Dy, L a^S&ffnfcl 

co&sffi*Kfls»l»K*ci. 5-3. o^/MbakftJ: 

O lt> gfc; Kft«)+<OYi Oi Offl^3 0-7 0t 
8 0 0-1 1 0 0"CT««feUfc«. 

©V, Cr, Mn, Fa. Co, N I, Sr, Pr, N 
J» d. Sm, Eu, Er, Tm-cfc Ojft-***^***^* 1 

tRtUT^;Va-7^©^^®6UTt>^V^ 
[0 0 3 2] *5?^co»^J«iEffl^7yy bOlS«l9* 

[003 3 j ^:v>t» cotfc^jcor^enfc.wwia^ 

2 0-30 0 r/racO^maST. 1 2 0 0— I 4. 6 Ot 

a-e»iau> *.».BKi£3 0»r-3»B»»Li:«e- 
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